The main objective of this experiment was to monitor the rumination pattern during the transition period in primiparous (PR) and pluriparous (PL) dairy cows and to investigate its relationships with metabolic conditions, milk yield, and health status. The study was carried out in an experimental free-stall barn and involved 32 Italian Friesian cows (9 PR and 23 PL) during the transition phase. The rumination time (RT) was recorded with an automatic system (HR-Tag), and data were calculated and summarized in 2-h intervals. Blood samples were collected during the transition phase to assess biochemical variables related to energy, protein, and mineral metabolism, as well as markers of infl ammatory conditions and some enzyme activity. Daily milk yield, BW, nutritional condition, and health status were also recorded. The average RT before calving (−20 to calving the percentage of RT during the nighttime was 60% in PR and 62% in PL, whereas the values decreased after calving (55% in PR and 57% in PL). During the fi rst weeks of lactation, PR showed a shorter RT than PL in the 2-h intervals that included milkings. Cows with reduced RT before calving maintained reduced RT after calving and suffered a greater frequency of disease than cows with greater RT in late pregnancy. Moreover, cows characterized by mild infl ammatory conditions and without health disorders or only mild health disorders during the puerperium showed a greater average rumination time (over 520 min/d) during the fi rst 10 d of lactation. Conversely, the decreased RT (450 min/d) during the fi rst few days of lactation was observed in cows with subclinical diseases or health disorders. Cows affected by clinical mastitis during the trial showed a reduction of RT and a change in its variability already some days before the drug treatment. Our results suggest that the automatic measurement of RT is useful to predict calving time and to quickly obtain information on health status of the animals in a period as critical as the transition phase.
INTRODUCTION
Rumination is a cyclical process characterized by regurgitation, remastication, and reswallowing. An important function of rumination is to facilitate digestion, particle size reduction, and subsequent passage from the reticulorumen, maintaining high levels of feed intake. Furthermore, rumination increases saliva secretion and improves rumen functionality because saliva aids in buffering the volatile fatty acids produced by microbial digestion (Beauchemin, 1991) .
Rumination is affected by diet characteristics and nutritional factors such as dietary composition and, in particular, digestibility of the feed, NDF intake, and forage quality (Welch and Smith, 1970) . The rumination time (RT) is reduced by acute stress (Herskin et al., 2004) as well as anxiety (Bristow and Holmes, 2007) , disease (Welch, 1982; Hansen et al., 2003) , and greater stocking density (Grant and Albright, 2006) .
The typical method to monitor rumination is through visual observation, taken either live (Krause et al., 1998; Couderc et al., 2006) or from video (Lindström et al., 2001) ; and recently, new indirect methods based on the analysis of vocal signs (HR-Tag rumination monitoring system, SCR Engineers Ltd., Netanya, Israel) have been used.
Calving diseases are very common and cause an increase in drug usage, an increase in veterinary cost, an increase in culling, and losses in production and reproduction (Lewis, 1997) . The farmer needs useful and practical information about the incidence of calving disease in the farm. In the past researchers demonstrated the positive relationship between NDF intake and RT and showed that reduced feed intake in late pregnancy increased the risk of calving diseases (Kim and Suh, 2003; Urton et al., 2005; Adin et al., 2008; Trevisi et al., 2010a) . Our hypothesis is that cows with reduced RT before and after calving would be at greater risk to suffer from one of the calving diseases. The objective of our study was to fi nd cows with increased risk for calving diseases through RT monitoring in the late pregnancy period.
MATERIALS AND METHODS
The research protocol and the animal care were in accordance with the EC Council Directive guidelines for animals used for experimental and other scientifi c purposes (European Community, 1986) .
Animal and Management Conditions
The Italian Friesian dairy cows involved in this study were raised in the experimental free-stall barns of the Università Cattolica del Sacro Cuore (Piacenza, Italy). Dry cows and early lactation cows were kept in 2 adjoining pens. The cows were moved from a far-off pen to a late pregnancy pen 1 mo before the expected calving day, and the heifers were moved 2 mo before their expected calving day. After calving, the cows were housed in the pen for early lactation cows until 40 d after calving. During the entire experimental period all animals had a minimal individual area of 8 m 2 . Fresh potable water was available ad libitum within each pen. Cows were allowed to calve in a pen holding dry cows. Constant managerial conditions (operators, similar batches of feed, milking frequency, and working routine) were maintained during the experimental period.
Cows were milked twice daily (0230 and 1430 h), and the milk yield of each milking was recorded daily using Afi milk meters (S. A. E. Afi kim, Kibbutz Afi kim, Israel). Cows were fed total mixed ration (TMR) once daily for ad libitum DMI, at 0830 and 1030 h for lactating and dry cows, respectively. To ensure cows had ad libitum access to the TMR, the amount offered to the cows was assessed on a daily basis with the aim of producing a 3% to 8% refusal. To promote the maximum feed intake, feed was pushed up to the feed rack 3 to 4 times per day. Diets were formulated to meet requirements according to the NRC system (NRC, 2001) , and their compositions are reported in Table 1 . Samples of forages and concentrate mixes were taken every 2 wk; TMR samples of the diet of lactating cows were collected monthly to assess the physical characteristics of the ration using the Penn State Particle Separator (PSPS; Kononoff and Heinrichs, 2003a) .
The trial involved 32 Italian Friesian dairy cows (9 primiparous, PR, and 23 pluriparous, PL) of good genetic merit in the last month of pregnancy and the fi rst 7 wk of NRC (2001) and calculated using the Razio-Best software of the Istituto di Zootecnica.
4 PSPS = particle size distributions, measured using the new Penn State Particle Separator (Kononoff and Heinrichs, 2003a) .
5 TMR = total mixed ration.
their lactation. All the cows calved in a period of 7 mo (from July to January of the next year).
Measurements and Analyses
Feed and Diets. Representative samples of each feed were taken every 2 wk during the time of the experiment. Hay, corn silage, and concentrate samples were pooled monthly and analyzed. Chemical (moisture, fat, CP, crude fi ber, NDF, ADF, ADL, starch, ash) composition were determined using standard procedures, and nutritive values were calculated according to NRC (2001) . The chemical and nutritive characteristics of the diet of dry and lactating cows were calculated monthly.
Rumination Time. The RT was measured using the Hi-Tag rumination monitoring system (SCR Engineers Ltd.). The system consisted of rumination loggers, stationary readers, and software for processing the electronic data (Data Flow software, SCR Engineers Ltd.). A neck collar positions the logger on the left side of the neck. The logger contains a microphone that was able to record the distinctive sounds of regurgitation and rumination. Data were calculated and summarized in 2-h intervals and stored in the memory of the logger.
Blood. Blood samples were taken at −14, −10, −7, −3, 1 (within 24 h from parturition), 3, 7, 10, 14, 21, 28 , and 35 d (±1 d) from calving. At each sampling time, blood samples were collected in the morning, before the feed distribution, by venipuncture from the jugular vein using 10-mL Li-heparin-treated tubes (Vacuette, containing 18 IU Li-heparin/mL; Greiner Bio-One Gmbh, Kremsmünster, Austria). Samples were immediately cooled in an ice water bath after collection.
A small amount of blood was used for hematocrit (packed cell volume, PCV) determination after highspeed centrifugation (15,000 × g for 10 min at room temperature) in a capillary tube. The remaining blood was centrifuged (3500 × g for 16 min at 4°C), and the plasma obtained was separated into several aliquots and stored at −20°C until further analysis. Plasma metabolites were analyzed at 37°C by an automated clinical analyzer (ILAB 600, Instrumentation Laboratory, Lexington, MA). Commercial kits were used to measure glucose, total cholesterol, urea, calcium, inorganic phosphorus, magnesium, total protein, albumin, total bilirubin, and creatinine (Instrumentation Laboratory), NEFA and zinc (Wako, Chemicals GmbH, Neuss, Germany), and β-OH-butyric acid (BHBA, Randox Laboratories Ltd., Crumlin, UK). A potentiometric system with specifi c electrodes was used to measure Na, K, and Cl. Kinetic analysis was adopted to determine the activity of alkaline phosphatase (AP, EC 3.1.3.1), aspartate aminotransferase (AST, EC 2.6.1.1), and γ-glutamyltransferase (GGT, EC 2.3.2.2) using commercial kits (Instrumentation Laboratory). Ceruloplasmin (Cp) and haptoglobin were determined with reagents prepared according to the method reported by Bertoni et al. (1998) . On samples collected at 3, 14, and 28 d in milk (DIM), the concentration of vitamin A was measured with HPLC assay, using the equipment and the method described by Bionaz et al. (2007) .
Health Status, BW, and Nutritional Conditions. All cows were examined daily, and records of all health-related problems as well as trauma and pharmacological treatments that occurred throughout the trial were recorded. Rectal temperature was measured daily between 10 d before through 10 d after calving and later was measured weekly. Body weight was measured at every milking by an automatic weighing system, Afi Weigh (S. A. E. Afikim), placed at the exit of the milking parlor.
Data Processing. The rumination logger continuously recorded the duration of rumination in 2-h intervals, and these data were used to calculate the following variables: 1) total daily RT, by adding the 2-h intervals values recorded from 0800 to 0800 h of the next day; 2) daytime RT (RT d ), by adding the 2-h intervals values recorded from 0800 to 2000 h; and nighttime RT (RT n ), from 2000 to 0800 h of the next day. These values also were expressed as percentage of daily RT; 3) 4-h intervals RT [0800 to 1200 h (RT 08-12 ), 1200 to 1600 h (RT 12-16 ), 1600 to 2000 h (RT 16-20 ), 2000 to 2400 h (RT 20-24 ), 2400 to 0400 h (RT 24-04 ), and 0400 to 0800 h (RT 04-08 )]. These values also were expressed as percentage of daily RT; 4) the CV between days, considering daily RT observed every week during the experimental period.
From plasma data, the liver activity index (LAI) was calculated according to Trevisi et al. (2001) . The LAI includes the main blood indices of liver synthesis (albumin, total cholesterol as index of lipoproteins, and vitamin A as index of retinol binding protein) observed during the fi rst month of lactation (using 3 values measured, respectively, between 4 and 6, 12 and 14, and 26 and 28 DIM). The data of selected blood indices were transformed to zdistributions and the fi nal LAI of each cow was calculated from the average of the 3 z scores (Trevisi et al., 2001; Bertoni et al., 2008) .
The cows were retrospectively categorized in 3 groups according to their RT before calving (from 10 to 2 d before calving). This subdivision was obtained by sorting separately the PR and PL cows according to their average value of daily RT observed before calving. The cows with shorter RT before calving were classifi ed as SRT (3 PR and 7 PL); MRT and LRT indicate the cows with middle and longer RT, respectively (3 PR and 8 PL in each group).
Statistical Analysis. All analyses were performed using SAS (SAS Inst., Inc., Cary, NC). Data were tested for nonnormality by the Shapiro test. In case of nonnormality, parameters were normalized by log or exponential transformation. Transformations were performed for total bilirubin, haptoglobin, aspartate aminotransferase (AST/ GOT), GGT, NEFA, and BHBA.
The RT variables, milk yield, and plasma indices were submitted to repeated measures variance analysis using a mixed model (MIXED procedure of SAS). The model included the parity effect (PR and PL), DIM, the effect of precalving RT (shorter, middle, and longer), individual variability (within cow × parity and precalving RT), and interactions. The analysis was carried out using 3 covariance structures: autoregressive order 1, compound symmetry, and spatial power. These were ranked according to their Akaike and Schwarz Bayesian information criteria, with the one having the least information criterion eventually being chosen (Littell et al., 1998) . The autoregressive was the covariance structure that fi tted the model best. For each treatment, least squares means were computed, and preplanned pairwise comparisons (PDIFF option of SAS) were conducted when the F test of one of the main factors (time to calving, pre calving RT group, parity and interactions) was signifi cant at P < 0.10. Statistical signifi cance was designated as P < 0.05, and tendencies were declared at P < 0.10.
The RT variables collected during clinical mastitis were submitted to repeated measures variance analysis using a mixed model (MIXED procedure of SAS). The model included the disease effect (mastitis and control), time from drug treatment, individual variability (within cow × disease effect), and interaction disease effect × time. The analysis was carried out using the same criteria reported above.
Pearson's correlations between RT variables (using average values of the previous 3 d) and milk yield as well as plasma indices were calculated. These correlations were calculated using all observations and were also calculated separately for pre-and postcalving periods, excluding the days around calving (from −3 to 10 d from calving). Furthermore, correlations between pre-and postcalving RT values were calculated.
RESULTS
Our population was composed of 28% primiparous and 72% pluriparous cows. The mean ± SD of the BW at the end of the fi rst month of lactation was 570.0 ± 31.5 in PR and 641.0 ± 12.4 in PL cows. On average, the milk yield (MY) was 33.2 ± 6.6 and 40. The CV for RT between days for individual cows was greater around calving. During the last week of pregnancy the CV was, on average, 13.1% (ranging between 3.9% and 35.1%), and the value for the fi rst week of lactation was, on average, 14.4% (ranging between 2.8% and 27.8%). Decreased CV were observed before and after these 2 wk, with an average value of 8% (ranging between 1.8% and 21.8%). Interestingly, the CV for daytime RT d among days was greater than the CV for RT. Aside from the week before and the week after calving, the CV of RT d was, on average, 13%. The average RT n was greater than RT d in both PR and PL ( Figure  2 ). On average, the percentage of RT n during the nighttime was 60.0% of daily RT before calving in PR (278 min/d) and 61.6% in PL (318 min/d). After calving, this percentage decreased to 55.2% in PR (277 min/d) and 56.8% in PL (319 min/d).
During late pregnancy (from 10 to 2 d before calving) the RT in each 2-h interval during the nighttime was greater (P < 0.05) in PL than PR; conversely, during the daytime the values in the PL were only numerically greater (Figure 3a) . The onset of lactation impacts the pattern of daily RT, mainly on PR cows (Figure 3b ). The greatest difference of RT between PR and PL was observed in the 2-h intervals including milking, mainly as consequence of low values of RT in PR. In these cows the values of RT during milking intervals were always less than those observed in PL (P < 0.01). The differences between PR and PL were greater during the fi rst 10 d of lactation compared with values observed later; this result is mainly justifi ed by the very low RT in PR cows immediately after calving (Figure 3c ). In these cows, a shift of RT from intervals including milking time to the following intervals was observed with the beginning of lactation (Figure 2) .
The SRT cows showed decreased values of daily RT (420 ± 63 min/d as an average value between 10 and 2 d before calving) compared with MRT (491 ± 48 min/d) and LRT (556 ± 61 min/d) RT cows (Figure 4 ). These differences were maintained around calving, with an average RT at calving of 258, 283, and 276 min/d in SRT, MRT, and LRT cows, respectively, without any signifi cant difference. The RT observed during the last 2 wk before calving was well correlated with the RT observed during the fi rst 3 wk after calving (r = 0.58; P < 0.001).
Milk yield recorded during the fi rst 40 d of lactation was numerically greater in LRT (on average, 39.4 kg/d) compared with SRT (on average, 37.0 kg/d) and MRT (on average, 36.9 kg/d; data not shown). A signifi cant correlation was observed between MY and the average daily RT of the previous 3 d (r = 0.36; P < 0.001). Positive but not signifi cant correlations were observed between RT and BW.
All plasma variables were affected by the physiological phase. The RT before calving affected the plasma variables used to monitor energy metabolism, and mild signifi cant interactions between RT before calving effect and time from calving were observed for these variables (Table 2) . After calving, greater values of NEFA in SRT cows and decreased values in LRT were observed ( Figure  5a ). Similarly, a greater increase of BHBA after calving was observed in SRT cows (Figure 5b ). Among the negative and positive acute phase proteins, only total cholesterol (used as an index of lipoproteins) was affected by RT before calving, with mild signifi cant interaction between RT before calving and time from calving. After calving, the total cholesterol increased slowly in SRT compared with MRT and LRT, and the difference between SRT and LRT became signifi cant at 14 DIM (Figure 5c ).
Signifi cant correlations were observed between RT and some blood variables, particularly during early lactation (Table 3) . After calving, a negative correlation between RT and BHBA and a positive mild correlation between RT and glucose were observed. A negative correlation between RT and plasma inorganic P and a positive correlation between RT and GGT were also observed in early lactation. The correlation between RT and GGT was mainly a consequence of decreased GGT concentrations in SRT and MRT and not due to concentrations greater than the reference value in LRT. The LAI was less in SRT (−0.24) compared with LRT (0.21; P < 0.05); an intermediate value was observed in MRT (−0.01). This index was correlated with the average RT between 2 and 10 d of lactation (r = 0.50; P < 0.01). The linear regression calculated using these 2 indices highlights that cows with decreased LAI were, on average, characterized by a daily RT around 450 min/d, whereas the cows with greater LAI had, on average, around 570 min/d of the daily RT (Figure 6 ). The RT around 520 min/d was the threshold between the cows with negative and positive LAI.
A greater incidence of clinical diseases was observed in SRT cows (8 out of 10; 3 mastitis, 1 retained placenta, 2 metritis, 1 ketosis, 1 displacement abomasum, and 2 lameness). Conversely, a reduced incidence of clinical diseases was observed in MRT cows (1 retained placenta and 1 metritis) and in LRT cows (only 1 mastitis). Rectal temperature did not differ between SRT, MRT, and LRT cows.
DISCUSSION
Rumination is a cyclical process characterized by regurgitation, remastication, and reswallowing. Since visual observation to measure RT is labor intensive, indirect methods of monitoring rumination were proposed. Some were based on jaw-motion-detecting devices in a halter (Luginbuhl et al., 1987; Matsui and Okubo, 1991; Dado and Allen, 1993) . These devices were effective at measuring rumination-differentiating jaw movements associated with chewing or ruminating behavior (Beauchemin et al., 1989; Matsui and Okubo, 1991; Dado and Allen, 1993) but may be uncomfortable for the animals. In our study a new system was adopted to measure the RT in dairy 2 PCV: packed cell volume; AST/GOT: aspartate aminotransferase; GGT: γ-glutamyltransferase; BHBA: β-OH-butyric acid.
3 Largest SEM.
4 RT: effect of RT before calving; RT × d: interaction between RT before calving × days from calving. The effect of the physiological phase (pre-and postcalving) and of the days from calving was always highly signifi cant (P < 0.0001); ns: not signifi cant.
cows (HR-Tag rumination monitoring system, SCR Engineers Ltd.). This device was described and validated by Schirmann et al. (2009) , indicating its accuracy for monitoring rumination behavior in dairy cows and its usefulness in research and commercial applications. The system was used in previous research (Adin et al., 2009; Moallem et al., 2010; Burfeind et al., 2011; Schirmann et al., 2011) .
Using this system during the dry period, the daynighttime RT was slightly greater than the physiological limit (10 h/d) proposed by Beauchemin (1991) in 3 cows (1 PR and 2 PL). Nevertheless, overall, the RT observed in our PL cows (522 min/d) was close to the data reported by Aikman et al. (2008) in Holstein cows between 2 and 5 wk before calving (477 min/d).
On the other hand, after calving, our data were in the range between 340 and 540 min/d found in the literature (Kononoff and Heinrichs, 2003a,b; Beauchemin and Yang, 2005; Yang and Beauchemin, 2006) only in PR cows; conversely, the RT observed in PL cows was around the maximum level (540 min/d). These results agree with those of DeVries et al. (2009) , who found an average RT of 555 min/d in mid-lactation cows fed a 60:40 forage:concentrate ratio (the forage:concentrate ratio adopted in our trial was 53:47). Moreover, our data .42*** 0.37*** 0.38*** *P < 0.05; **P < 0.01; ***P < 0.001. 1 Pearson's correlations between rumination time variables (using average values of the previous 3 days) and milk or plasma variables were calculated. These correlations were calculated excluding the days around calving (from −3 to 10 d from calving). Rumination time variables: RT is daily rumination time; RT d is daytime rumination time; RT n is nighttime rumination time.
agree with those of other researchers who used a diet characterized by a NDF content ranging between 31% and 35%, which is similar to ours (32.4% DM), and who found a RT ranging between 428 and 518 min/d (Adin et al., 2009; Storm and Kristensen, 2010) . The effect of NDF on RT was highlighted by Dado and Allen (1995) in early lactation Holstein cows. These authors observed an increase of RT from 380 to 510 min/d by increasing the NDF content of the diet (25% to 35% of DM). Interestingly, in our study 35% of PL cows showed an average RT during early lactation greater than 600 min/d (with a maximum of 685 min/d) and greater than the upper limit previously shown (Beauchemin, 1991) .
Rumination Time around Calving
A strong reduction of RT around calving was observed in the current study, and in particular, rumination dramatically decreased on the day of calving. Rodenburg (2011) showed a daily decrease of about 10 min of RT per day on the last 5 d before the calving. Moreover, the same author observed a decrease of RT in the day of calving from 350 to 220 min. Rumination on the day of calving was less than one-half of the typical time for a dry cow. Our results showed a variable reduction of RT during the last week of pregnancy; conversely, a strong reduction of RT was observed the day before calving in almost all cows. Before this time the CV of the RT between days observed in our study agrees with the value of 8.3% observed in cows fed ad libitum with a hay-based diet (Beauchemin, 1991) . Our results highlight the relationship between calving and cud chewing. Most commercial rumination tags are read in milking parlors, and most herds do not have a tag reader in the pen with dry cows. Our data seem to suggest the opportunity to measure RT also in late pregnancy cows to anticipate the detection of calving and perhaps to monitor the behavior of rumination activity at the end of pregnancy.
Rumination Time in Primiparous and Pluriparous Cows
A greater effect on the pattern of RT was observed in PR compared with PL cows at the onset of lactation. Moreover, PR cows suffered a greater impact of milking operations on RT during the milking hours. This effect was particularly pronounced in the fi rst and second weeks of lactation but was still evident at the end of the fi rst month of lactation. In a recent study, in accordance with Bazeley and Pinsent (1984) , cows that experience abrupt environmental and social changes during the transition period, as in the case of heifers, often exhibit an alteration in feeding behavior and are more susceptible to metabolic disorders. Mixing groups causes stress to the animals, and this status negatively affects rumination. Schirmann et al. (2011) observed a reduction of the RT after regrouping, reaching the lowest values on the day of regrouping for cows that stayed in the home pen and the day after regrouping for cows moved to another pen, usually experienced by heifers that were moved in the lactating group. Thus, fi rstlactation heifers being introduced to new herd mates and milking facilities require careful management. Our data confi rm that PR cows suffered more than PL from the environmental changes around calving, and this leads to a slower increase of RT at the beginning of lactation, as well as reduced rumination in the 2-h intervals including morning and afternoon milking times. Despite the diffi culty of achieving this, we agree with Grant and Albright (1995) , who suggest passing heifers through the milking parlor before calving so that they become accustomed to the parlor environment, free stalls, and concrete lots.
Rumination Time and Metabolic Conditions
The RT after calving, mainly during the fi rst 2 wk of lactation, was associated with the behavior of some metabolic parameters immediately before and after calving. During the fi rst week of lactation the RT quickly recovers levels observed before calving, reaching a maximum value between 7 and 15 d after calving and staying at an almost stable level over the following weeks. Conversely, DMI in general continues to increase until 6 wk of lactation, as highlighted by NRC (2001) . Other research is needed to study the relationships between DMI and RT in early lactation, and a measurement of the total chewing time may also be useful. One of the factors that reduces RT is infl ammation. A model frequently used to induce infl ammation is lipopolysaccharides (LPS) challenge, which may mimic reduced concentrations of circulating bacterial endotoxin during the beginning of acute gram-negative infections. In accordance with this model, Borderas et al. (2008) observed a reduction of the RT in calves after a treatment with a low dose of LPS. In the current study we measured the consequence of infl ammation in accordance with the LAI, and we previously found a strict relationship between LAI index and the frequency of clinical problems, body reserve losses (Bertoni et al., 2008) , reduced DMI (Trevisi et al., 2010a) , and reduced MY in early lactation cows. Altogether, these results suggest that a marked infl ammatory status around calving (e.g., reduced LAI) is associated with a worse health status, which likely causes a reduction of feed intake, conditions consistent with a reduction of RT. Interestingly, decreased RT in cows with reduced LAI is in accordance with Borderas et al.'s (2008) results. The cows with decreased RT in early lactation were characterized by a greater increase of positive acute phase proteins after calving as well as the decreased level of LAI (e.g., reduced levels and slower rise of negative acute phase protein after calving). Moreover, the cows with the greater LAI showed an average RT between 2 and 10 d of lactation greater than 550 min/d (Figure 6 ). This value could be used as a threshold of the good general condition of the animal after calving. These results agree with the observations of Bar (2010) on healthy cows compared with cows with light and medium to severe endometritis or ketosis and suggest the use of RT during the fi rst week after calving for early detection of potential calving diseases.
Rumination Time before and after Calving and Health Status
Before calving, the cows with low RT showed a greater variability of RT between days, which was a consequence either of a continuous variability day by day or of a reduction of RT during the last period of pregnancy. Both situations were related to a decreased RT after calving and were negatively related to the behavior of metabolic conditions and the appearance of disease. Previously, we suggested that infl ammatory problems, with a reduction of DMI, could also occur before calving (Trevisi et al., 2002) , as suggested by the increase in haptoglobin, a typical positive acute phase protein of dairy cows, but in the current experiment we did not measure DMI. Recently, we also observed that cows with the greatest LAI are also characterized by the lowest concentrations of infl ammatory markers before calving (Trevisi et al., 2010b) , suggesting that cows with increased LAI should also have a better rumen functionality before calving. In the current study, the positive or negative acute phase proteins before calving did not differ between cows with different RT before calving. Thus, the difference in RT before calving was not related to the infl ammatory and metabolic measurements before calving.
In the current study the SRT cows showed a greater incidence of clinical diseases after calving (mastitis, lameness, ketosis, and displacement abomasum). In these cows a decreased RT after calving was observed. Our data are consistent with previous research. Rodenburg (2011) observed that cows with clinical mastitis chewed 63 min less than normal. Moreover, Siivonen et al. (2011) observed that cows showing the strongest clinical signs of mastitis spent more time eating but less time ruminating and drinking. Furthermore, high fever probably caused reduced RT, as reduced rumen contractions are typical signs of clinical mastitis (Radostits et al., 2007) . Pedersen (2010) studied the RT and ketosis in early lactation and found a high individual variability in RT among the 114 cows in the experiment; most of these animals were from 4 to 11 d postpartum. It was concluded that this system cannot identify cows at risk of ketosis in early lactation. Our results pointed out that the cows with lower RT before calving showed a greater increase of plasma BHBA after calving. Furthermore, the negative correlation between RT and BHBA after calving seems to indicate that measuring RT around calving represents another potential tool to detect cows at risk of developing ketosis at the beginning of lactation. Almeida et al. (2008) observed that lame cows showed signifi cantly less eating and ruminating behaviors and greater frequency of self-grooming compared with sound cows. Conversely, other authors (Walker et al., 2008) observed that lameness did not affect the duration of drinking, grazing, or ruminating. DeVries et al. (2009) induced subacute ruminal acidosis and observed a reduction of RT the fi rst day after the challenge (436 min/d) relative to the baseline (533 min/d) but an increase the next day (572 min/d). According to Siivonen et al. (2011) , resting and rumination are promising behaviors to be used as indicators when the health status of a cow is changing. These behaviors should be further tested for automatic disease detection.
In our study the behavior of RT around calving, in particular the values during the last days of pregnancy and the fi rst 10 d of lactation, was related to the incidence of clinical diseases during the fi rst month of lactation. Furthermore, following Siivonen et al. (2011) , our data seem to indicate that a rumination monitoring system used on cows around calving, combined with other measurements of changes in physiological parameters (i.e., fever) and complete behavioral patterns (resting, standing, and eating behaviors), could quickly detect health disorders.
Conclusions
The RT has mainly been studied after calving, but our data show the utility of also measuring it during late pregnancy. The RT appears to be useful for obtaining information on the health status during the most critical period, the transition phase, when the timeliness of detecting diseases is crucial to improve the welfare of the animals and to attenuate the adverse effects on their performance.
The transition period with the onset of lactation is a stressful situation for dairy cows, particularly for primiparous cows. These cows, when compared with pluriparous cows, showed a slower increase in RT after calving, mainly as a consequence of a decreased RT during milking, suggesting a slow adaptation to the milking procedures.
The relationships observed in our trial among RT, metabolic conditions, and health status support the automatic measurement of the RT as a useful tool for herd management, and in particular, it could help the farmer identify the animals with a greater probability of health disorders.
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